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SUMMARY

Eight wings and three tails, covering & wide range of
aerodynamic characteristics, were indevnendently ballasted
so as to be interchangeable with no change in mases distri-
bution. For each of the 24 resulting wing-tail combina-
tions, observations were made of the steady spin for four
control settings and of recoveriss for five control manip-
ulations, the results being presented in the form of charts
comparing the spin characteristics. The tests are part of
& general investigation that is belng made in the H.A.C.A,
free~spinning tunnel %o dstermine the effects of systematic
changes in wing and tail arrangement upon the steady-spin-
ning and the recovery characteristics of a conventional
low-wing monoplane for various loading conditions.

The present loading was derived from the basic load-
ing condition (representative of an average of wvalues for
2l American sirplanes for which the moments of inertia
were avallabdle) by moving weight from the center of grav-—
ity toward the wing tips so that the distribution of mass
along the wings was incresased,

For the taill with deepensd fuselage, railsed stadbilizer,
and full-length rudder, recovery was satisfactory and the
results were similar to those reported for the basic-loading
condition. For the t2il with deepened fuselage, raiged sta-
bilizer, and short rudder, an adverse effect resulted as
compared with the bagic—-loading results for the wings with
Army $ips and N.A.C.A., 23012 or N.A.C.A, 6718 section and
for the wing with flapg. For the more nearly conventional
tail, an adverse effect resulted for the wing with Army
tips and N.A,C.A. 23012 sgection, both with and without
flaps. For the wing with W.A.C.A. 0009 section and for %the
Army standard wing, this loading appeared to have & gome-—
what favorable effect.
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INTRODUCTION

The ¥.A,C.A. has undertaizen a systematic investiga-
tion in the free-spinhing wind tunnel to determine, by
major independent variations, which of the dimensional and
the mass characterigtics of an airplene most greatly af-
fect the spin (reference 1).

The results of tests of~eight wings and three tails
for a basgic loading condition, representative of an aver-—
age of values for 21 American airplanes for which the mo-—
monts of inertia wore available, have beon roported in
roference l. In reference 2 wore presentcd the results
for the loading obtained by moving weight from the wing
tips toward the center of gravity, the model therebdby hav-
ing its mass distriduted chiefly along the fuselage. The
bresent paper contains the results of a sgimilar series of
tests for a loading obtained by movirg weight from the .
center. of gravity toward the wing tips, the model thereby
having itg mass distributed chiefly along the wing.

. The major wilng variables include tip shape, airfoll
section, plan form, and fiaps. The Army standard tapered
. wing, also included in the test program, comblnes changes
in plen form and thickness. The throe tall arrangements
Tange from & combination wutilizing full-length ruddor and
raigsed stabilizer on a deep fuselage, designed to bo ex-—
tremely officient in providing yawing moment for recovery,
to a moroc nearly conventional type with the rudder com-
Pletely above a shallow fuselage and badly shiolded by the
horizontal sgurfaces. Thc present results are compared
with the results obtained for the basgic lcading condition,.

APPARATUS AND METHODS

A general descriptiaon of model construction and test=
ing technigue in .the N.A.C.A, free—spinning tunnel is
glven in referemce 3. ' ' o

The models are constructed of balsa, reinforced with
spruce and bamboo. In order ta reduce the weight, the
fuselage and the wings are hollowed cut, the oxternal con-
tours being maintained by silk tissue paper aon reiaforclng
ribs. The desired loading is attained by sultadble distri-
bution of lead weights. :
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Figureg 1 to 5 show special structural features of
the model used in the present invesgtigation. The wing and
tail units are independently removable and interchangeable
to permit testing any combinatlion. The exchange of units
can be made wlthout any change in mass distridbutlion. A
clockwork delay-action mechanism is installed to actuate
the controls for recovery, simulating the rapid motlons
that would be imparted dy a pilotb.

The model was not scaled from any particular airplane
but was designed to be a representative low—-wing cabin
monoplane with a cowled radial sengine and with landing gear
rotracted. Dimensional characteristics of the model and
of the eizht wings and the three talilg are given on the
line drawings of figures 1, 2, and 3. The present model.
loading condition was derived from the basic condition
(reference 1) by removing weight from the center of grav-
ity and installing it in the wing tips. For convenlenceo
in making comparisons, the model may be considered a 1/15~
scaleo model of either a fighter or a four-place cabin air-
plane, tested at an altitude of 6,000 feotb. The full-—
scalo choracteristics for tho prosent loading and for taill
¢ would dbe:

Weight (W) - = - = = = = = =+~ - —~ 4,720 15b.
Hoan chord (e} = = = = = = = = =~ -~ 75 in.
Span (b) - - e e e -~ = -~ 37,5 f%,
Wing area (S) —~ = =« =« = = = —~ - 234.4 sq. 5.
Aspect'ratio - e e e e e = e = - 8

Distance from c.g. Ho elevator I
hinge - = = . - e — e = e == 16.6 £t.

Digstance from c.g. 30 rudder hinge 16.9 ft.

Fin arca = = = = = = = - = = - = 6.8 sq. ft.
Rudder area T 6.9 sq. f%t.
Stabilizer area - m e = e = 19.8 ®sga. Fft.
Blevator aren _- e = e e e - - 12.9 sq. ft.
Control travel - - - —~ w —« - = = Rudder: =30°

Elevator: 30° up
20° down
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Principal moments of ineritia:
A = mkg® - 2 - = = - - - - 4,150 slug-f%t.

B

_kaa - = . a = = - o~ 3,970 sluneg-£t.%
C =mkg? - ~ - - - - - - - 7,540 slug—ft.3
The nondimensional mass—distribution parameters (de-—

scribed in reference 4) for the present loadlng condi~
tilon are: . -

I
e 7
o gpSho
2
Wh
— Ll = 81
g(C-4)
C—-3B
2=2 = 1,10
Gl
2 . 7.08
ICX
£ = 0.25
o)
E = @
¢

The gquantity =x/c 1is the ratio of the dilstance of
the ceator of gravity back of the lcading odge of the
mean chord to the mean chord; and z/c is the ratio of
the distance of the canter of gravity below tho thrust
line to the mean chord.

Figures 1 and 4 show the model with the basic wing
(wing 1) and tail O installed., This wing is of N.A.C.
23012 goctlon with rectangular plan form and Army tips.
(The tip contour ig derived as degeribhed in reference 5.)
In common with the other wings, it has an aroa of 150
square inches, o spon of 30 inchesg, anl no dihedral, twilst,
or sweepbaclk,

The goven remaining wings (figs. 2 and 5) have varied
dimensional characteristicsg as follows!

by



v¥

H.A.C.A., Technical Note No. 664 5

Wing 2: N.A.C.A, 23012 section, rectangulaer with
Arny tivs, 20 wmercent split flaps de-—
flected 60°.

Wing 3: N.A.C.A., 23012 section, rectangular with
rectangular tips.

Wing 4: N.A.C.A, 23012 section, rectangular with
faired +tips.

Wing 5: WN.A.C.A. 0009 section, rectangular wlth
Army tips.

Wing 6: N.A.C.A, 6718 section, rectangular with
Army tips.

Wing 7: HW.A.C.A., 23012 gection, 5:2 taper with
Arny tips.

Wing 8: N.\M,C.A. 23018-09 section, Army standard
nlan form (square center section, 2:1
taper in both plarn forn and thickness,
and Army tins).

Bach wing was mounted on the model at an angle of in-
cidence equal to its angle of zero 1ift. The stabilizer
of the nodel was at zero incidence for each tail. There
was no £in olfsaeb.

The three tails designated A, B, and C are shown in
figures 3 and 5., Tail G, represanting & conventionel
shallow fuselage with ruddor completely above the tail
cone, hos the following dimensional characteristics:

Vertlcal tail area: 6 percent wing arca (3 porcont
rudder eand 3 percent fin).

Fuselage side area, back of leading edgo of stabilizer:
2 percent wing area.

Vortical tail length (from quarter—chard point to rud-
der hinge axis): 45 percent wing span. -

Horizontal tail ares: 14 vercent wing area (5.5 per-
cent elevator and 8, 5 percent
stabilizer),

Horizontal tail length (from guarter~chord peint to
elevator hinge axis): 44 percent wing span,



6 F.A.C.A. Technical Note Fo. 664

Tall B wag derived from t2il ¢ by increasing the fuse—
lage depth, raising the stabilizer and the elevators, and
ingtalling approximately the criginal fin and rudder atop
the deepened fuselage. TFor tail B, the wveritical areas arot

Vertical tail area: 6 percent wing area.
Fugelage gide area: 5.5 percent wing area.

Tail & was similar to tall B oxcept for full-lemgth
rudder construction and slightly increased elevator cut-
out. For tail A, tho vertical areas ore:

Vortical tail aresa: 8 percent wing ares 5 percent
~rudder. and 3 percent fin).

Fugolage gide area: Z,4 percént wing area.
TESTS AND RESULTS

For each wing and toil combination, spin tests were
made for four control settingsa:

(a) Rudder 30° with tho spin and elevators neu*tral.
(b} Rudder 30° with the spin and elevators 20° down.
(¢) Rudder 30° with the spin and elevators 30° up.
(d) Rudder neutral and elevators neutral,

Recovery from (a) and (b) was attempted by reversal
of the rudder, from (c) by complete reversal of both con-—
trols and also by neutrallzing both controls, and from ()
by moving both controls to full against the spin. All
tests wore for rizht spinsg. ot "

The angle of attack . o, ansgle of gideslip B (posi-
tive ilnward in a right snin), turns for recavery, snin
coefficient Qb/2V, and rate of dascent—V, are plotited
in 12 charts (figs. 6 to 17), grouped so as to permit
ready comparison of the effects of tip shape, section, -
Plan form, flaps, and the Army standard wing.

The data on these charts are belicved to roprosont
the true modocl valuos within tho following limits (seeo
rofercnce 3):
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-

B~ = = = = =~ = = = = = = = = = = - -  *1-1/2°
Turns for recovery - - - - - - - - — *1/4 turn
Qb/2V - = = - - - - =~ -.f - - - - - - +3 percent
N T +£2 percent

For certain spins in which it is difficult to control the
spin in the tunnel, owing to high air speed or wandering
motion, the foregoing limits may bte exceesded,

As noted in references 3 and 4, there may in some in-
stances be variations between model spin-test results and
corresponding full-scale spin-test results of a given air-
rlane, probably becaunse of the differernce of the Reynolds
Number between the tests.

DISCUSSION

Tests with tail A (figs. 6 to 9).- In figure 6, resgults
are shown for different wings with tail A for rudder 30°
with the spin and elevators neutral. It nay be seen that
the rectangular wings with rectangmlar or failired tips (win§s
3 and 4) gave thae steepest spins (o = 45° compared with 62
for the flattest) and the moss rapid recoveries (1-1/2 turns);
whercas, the wing with 5:2 taper {wing 7) and the wing with
fiaps deflected (wing 2) gave the slowest recoveries (about
four turns).

Witk elevators 20° down (fig. 7) the spins were, in
general, a few degrces sbtecper—-and recoveries were slightly
more rapid than with elevators neutral. EBlevators up (fig.
8) tended further to steepen the spins. The wings with
N.A.C.A. 0009 and 6718 sections, however, spun slightly
flatter with elevators up than with elevators £full down;
and the rectangular wings with rectangular or falred tilps
would spin with elevators up, whereas they would not spin

.with elevators down. In all cases, recoverles were rapid

(less than two turns) by complete reversal of both controls.
When the controls were moved only to neutral, the recover-
ies were generally slower. T"ne recorded turnsg for recovery
for wings 1 and 7 varied from three to infinity for differ-—
ent runs. With controls neutral (fig. ?2), spins could be
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obtained for the rectangular wirgs with Army tips of
N.A.C.A. 23012 section, with and without flaps, and of
N¥.A.C.A., 6718 section, and also for the wing of 5:2 taper
{wings 1, 2, 8, and 7, regspectively).

For all the control settings, the rectangular wings
witihh rectengular or failred tips gave the steepsat spins
and the guickest recoveriegs. There was a small effect of
sectlon, the wing of W.A.C.A. 0009 section giving more
outward sldeslip and faster recovery than wings of the
other twov sections. The wing of Y. A.C.A. 6718 section
gave the least outward sidesiip. Recovery for the wing
with flaps and for the wing of 5:2 taper was slower than
for the octher wings. Thoe Army staxdard wing gave steeper
spins and faster reocoverilies than the basic wing (wing 1).

For tall A, the results for this loading a&s compared
with those for the-tasic lomding (refercnce 1) showed only

smell differences. Tar all_control settings, there was a

tendency for the rectansgular winz of N.A.C.A. 0009 section
with Army tips (wing 5) anrnd the siardard Army wing of-
N.,A.C.A., 23018-09 section (wing B) to give steeper spins
and for the rectangular wing of ¥N.A,C.A, 23012 section

with 20 percont full-span split fiaps doflected 60° (wing

2}, the rectangular wing of ¥.A.C.A., 6718 section with
Army tips {(wing 6), and the 5:2 taper wing of ¥.A.C.4A,
23012 ssction with Army +ips (winzg 7) ito give flatter

spins than were obtained for the baslic-loading condition. _

Tests with tail B {(fizxs, 10 to 13).- Figare 10, waich
gives results for varinus wings with-tail B for rudder
with the spin and elevators neuntral, shows steeper spins
for all wings as compared with tail A, but recoveries for
wings 1, 2, 6, and 7 were unsatisfactory with tail B.

This result shows the importance of uashielded rudder area
in effeccting satisfactory recovery characteristics. As
with ta¥l A, the rectarngular wings with rectangular or

faired tips gave the steopest spins. Wing 1 showed a wide

variation In the turans for recovery.

With elevatars 20°% down (fig. 1I),: tacre was little
differcnce in tho steady spin as comparcd with elevators
neuvtral _but recovery was, in genseral, slightly more rapild;
wing 6 showed a wide range in recovery fturns. With ela-
vators up (fig. 12), the spin was steepened and recover-—
ies by vomplete revergal of toth controls were.satisfac-—
tory for all wings. When Toth controls were merely neu-
tralized, wing 6 agaln exhibited a_ large variation in
turns required. ' ’ T

o T
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With both controls neutrai (fig. 13), spins could be
obtained only for wings 1, 2, 6, and 7. Moving the con-
trols against the spir gave slow recoveries. It is inter-
esting to note that the steady spins with tail B for con-
trols neutral were very similar to the corresponding spimns
with tail A but that recoverles with %ail B were definite-
ly slower.

For all control settings, the roctangular wing with
rectangular or faired tips gave the steepest spins and it
is believed that recoverics with it would have been most
rapid; the rectangular wing of F.A.C.A. 0009 section and
Army tips showed steeper spins, faster recoveries, and
more outward sideslip as compared with the rectangular
wings of N.A.C.A. 23012 and N.A.C.A, 6718 sections wilth
Army tips. The wing of N.A.C.A. 23012 section gave the
flattest spins but the wing of N.A.C.4. 6718 section gave
the least outward sidesglip and the slowest rescovery,
Flaps retarded recovery. The 5:2 taper wing gave steeper
spins than the basic wing and the standard Army wilng gave
steeper spins and more rapid recovery then the 5:2 taper
wing.

For tail B, wings 1, 2, and 6 showed flatter spins
and slower recoverles with this loadlng than with the bas-
ic loading. Wings 5 gand 8 gave steeper spins for the
present loading and the effect on wings 3 and 4 could not
be determined.

Tegts with tail ¢ (figs. 14 to 17).- With tail C, as
with tail B, the effects of differences in wling charac-
teristics were more marked than with tail A. Figure 14
shows that, for rudder with tne spin and elevators neoutral,
the rectangular wings with rectangular or faired tips
still gave the steepest spins, the greatest ouiward eside-’
slip, and the most rapid recovery. The wing of N.A.C.A.
0009 section and the Army wing gave slower recovery and
the other wings gave no recovery.

With elevators down (fig. 15), the results were simi-
lar to those for elevators neutral. The wings that had
given recovery by rudder reversal for elevators nesutral

now indicated more rapid recovery for elevators down. With

elevators up (fig. 16), spins were somewhat steeper than
for elevators neutral and recovery by complete reversal of
both controls was satisfactory except for the rectamgular
wing of ¥.A.C.A. 23012 section with Army tips, which gave
a recovery in 3-1/4 turns without flaps arnd gave no recov-

>



10 . IF.A.C.A,., Technical ¥Yate Mo. 564

ery with fiaps. Wit boti controls neuvtral (fig. 17), re-
sults were very similar to those obtained for rudder witg
the spin and sBlsvators dowu. -

For all contrel seiitings, the rectangular wirg with

ectangular or faired tipg gave steeper spins aud more
rapid recovery than the other wings. The wing of H.A.C.A,
0009 section gave stecper spins, more outward sideslip,
and better recovery than the two comparable wings of which
the H.A.0.4. 23012 gave the flattest spiln and the T, A.C.A,
6718 gave the least outward sideslip., The 5:2 taper wing
save results gemeorally simllar to those for the basie
wing. The wing-with flaps gave no rocovery by any comntrol
manipulation used. Thie Army wing gave stceper spins than
the basic wing &nd gave recoveries for all control munipu-
lation, whercecas the basic wing gave recovery onlily for con-
plete reversal of both comntrols. . ) . - . -

With the present loading, the basic wing, the wing
with flaps, and the wing of ¥.A.C.A., 6713 soctlion turded
to zive slower recoverles as comparsd with the basic load-
ing; the Army wing and the wing of W.A.C.A. 0099 pectilon
tended to gilve Taster recoveries.  The other wings showed
little effact. ' ST ) i

COHNCLUSIONS

By anralysis of the 8ata presented, tiue gemeral ef-
fectgof wing or tail arrangement azd of control posiition
and the aprerent relationships between spin characterls-
tics may be determined for the loading condition of mass
digbributed along the wings.

Effects of wings:

1. Tip share.- Rectangular and falred tips give the
stecpest spins and the most rapid recoeveries. The Army
tip gives consigtently flatter sping and slower récover-
ies. : :

2. Section.~ The wing of ¥F.4.C A, OCO9 scctlon
gives the steepest spins and the most rapid recoverices
and skows the greatest ocutward sldeslip. Tre wing of.
N.A.C.A., 23012 section gilves the flattest spins and tke
wing of N.A.C.A. 6718 gection gives the least outward
sideslip. - e R -

a
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3. TFlaps.—- PFPlaps tend to retard recovery.

4, Plan form.- Ths wing of 5:2 taper zives more

outward sideslip than the basic wing, buft there is little
difference in the turns for recovery. .

5. Army standard wing.~ The Army 'standard wing gives
somewhat steeper spins, faster recovery, and more outward
sidesllin than the basic wing.

Effects of tall arrangemert:

1. The talil with raised stabillzer and elevators,
increased fuselage depth, and .full-length rudder (tail 4)
gives the most satisfactory recoveries. For rudder full
with the spin, the tail with raised stabllizer and eleva-
tors, increased fuselage depth, and rudder completely above
the fuselage (tail B) gives the stecepest spins.

. 2 The tail with shallow fuselagce and rudder com-
pletely above the tail comne (tail C) sgives the slowest re-
coverlss.

Effectes of control setting:

1. Recoveries from spins with elevators down are
somewhalt more rapid than from spins with elevators neutral,

2 Holding the elevators up generally resulis in
the steerest spins from which, by reversal of both controls,
are obtained the most rapid recoveries.

Relatlonshlps between spin characteristics:

1. Steep spins are usually associated with high rate
of descent, low Qb/2¥, and rapid recovery.

2e In general, more rapid recovery is obtained from
the spins with the groatest cutward sideslip.

Comparison with results for bvasiec loading:

1. The basic wing, the wing with flaps, and the wing
of N.A.C.4. 6718 section show flatter spins and slower re-
coveries with this loading as compared with the basic load-
ing. The wing of N.A.C.A. 0009 section and the Army stand-
ard wing give steeper spins and faster recoveries with the
present loading. The remaining wings show no consistcnt
effects,
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. With this loesding, the spins with the greatest—
outward sideslip gave the fastest recaverles; whereas,
for the basic loading, there appeared to be no relation-
ship between the sideslip of the steady spin and turns
required for recovery. - o ’ |

Langley Memorial Aeronautical Laboratory,
kational Advisory Committee for Aeromautics,
Langley Field, Va., August 12, 1938.
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Figure 2.~ Wings used on low-~wing monoplane.
N.A.C.A, wing sections.
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. *igure 3.- Tails used on low-wing monoplane.



(a) Front view.

"1 (1) Wings 1 end 2, (2) Wings 3 and 4, (3) Ving 5,
- (4) Wing 6, (5) Wing 7 (6) Wing 8.
. (b) Plan view, (d) Low-wing monovolane wings,
Pgure 4, - Low-wing monoplane model,
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B (b) (1) Tail A, deep fuselage and long rudder.
b i (2) Tail B, deep fuselege and short rudder,
(3) Tail C, shallow fuselage and short rndder,
(2) (1) Rectangular wing with Army tips, (3} Rectadgular wing with interchengeable rectangular and
(3) 5:2 tapered wing with Army tips. faired tips.
(4) 2:1 Arny standard tapered wing with square ceater,
Flgure b.- Interchangeabls wings and tails of low-wing monoplane model,
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